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65 
One me d of im�roving water quality to destre.tify 
aq uatic eco ems, which permits reoxygenation of hypolimnion 
nost of these studies have examined the 
e fication on physical-chemical param eters by 
entire ecosyst em (Nickerson 196 1, Ford 1963, 
Bryan 1964, Ogborn 1966, and others). Few workers to date 
have stud:Led effect of destratification on the biology of 
c 
Wirth, , et. al. 1970). The purpose of this 
study was to the effect of aeration primarily on zoo-
to in the ecology of a lake, 
measure and cal 
were t 
ture, d solids end light 
0 
c ers by 
,� .tl or eco GElS lS 
c d the s 
t 
the 
e ct t on se 
OF 
The concept of nechanically eliminating thernal strati-
,..  .j.. .  IlCa\.-lOn to alleviate er 
eutrophication is not new. 
v1ere the first to de stratify 
quality problems and retard 
Hooper, Ball a..nd Tanner ( 1952) 
a large body of water when they 
used a lift pur.1p to water from the hypolimnion to the 
surface. The principle involved was to pump cold water from 
2 
it at the sur e where this water 
would have a greater capacity for dissolved oxygen than the 
vrarm surface er. 
Since of Hooper, Ball and ( 1 9 52) , Ridley, 





( 1 6) ; Irwin, 
lift 
( 1 
method to improve water quality. 
d 
j the walls 
( 1 966) used 
at of 
uore rec 









en ac by 
c e ct 
ems 1vere 
1 ) ' 
bio 
bottor.1 of Laurel servoir, Pennsylvania was noted 
shortly after an aeration device had been installed (Ogborn 
1966). 
vrhere 
reservoir was destratified by an Air-Aqua Syste� 
was gently released through small holes in plastic 
tubing. '11he principle utilized by 1'�.ir-Aqua is that of laminar 
uplift where bubble velocity, eddy currents and frict:Lon are 
reduced , consequently, there is an increase in actual 
diffusion of oxy into water (Hinde 1969). These observations 
are based on the fact that the size of the bubble is proportional 




The elimination of thermal stratification was accomplished 
80 er the j�nstalle.tion of an aeration system in 
fornia ( 1963). This study found hydrogen 
ducing substances were elim-
of chlorine nee to 
Problems related to strati 
the of the 
c 












at 1L;. and 15 ers, with the greatest concentration found 
in the area of the aeration cone ( Leach, Duffer and 
Harlin '\ J • 
Few Oc:' ,._. ..... (2obinson, Irwin and Symons 1969; Ridley, 
Cooley eel ; and others ), have investigated the effects 
aeration 0� ople.nlrton populations. Syr:.1ons, Irwin and 
Robecl� ( 1 ) d there was a decline in blue-green algae 
fication Robeck 
(1966) usual fall-bloom of blue en algae did 
not occur d • Robinson, Irwin and Symons (1969 ) 
state that of the mixing of phosphorus throughout the 
te s, of plankton decreased throughout the 
whole 1 If It was further noted blue 
more t:han 
To has unable to locate any studies 
c formation to zooplankton as 
Wirth, , et # al. ( 1970), 
d c on macro-




mercy of currents and any mechanical destratification technique 
could conceivably affect their distribution in any given system. 
( 1953) demonstrated Danhnia population concentrations 
in Mendota were related to currents� Induced currents 
may also affect migration patterns as well as the physiology 
of plankton. ( 1947) found, for example, turbulence 
significantly altered cyclomorphosis in Daphnia while Warren 
( 1900) found the absence of circulation gradually reduced the 
length of Environmental ·conditions, 
temperature, were found to alter the chromatic behavior 
and thus affect the sex in Cladocera ( Banta and Brown 1916). 
Study Location 
He Cargo LaJ::e (?ig. · 1) is l ocated in the Lah:e Ontario 
Watershed of Orleans County approximately twenty-five miles 
west of Rochester and ten miles south of Lake Ontario. The 
la..�e has been described by Brlan ( 1969) and Klick ( 1971). 
Aeration System 
'I'he aeration system used in this study was placed in 
operation in October 1968. The major objective of the original 
was have a where aeration could be controlled 
then use the non-aerated water for 
comparison. A unique feature of this system is the destratifi-
cation of "con dft env:Lronments in a natural aquatic system, 
rather complete system. 
were de strati by using 
ce lo d on shore. 
d w5.th i.t a cial filtration 
e the of dirt, oil moisture 
WE.-1.8 con d. to 1 °3 .c 
me ' one 3.05 me one 6.09 
jac to the d 









I LODGE J I 
70' t i 
"'Ukf:! level 4'1• below the Wl!!ter level 
r:!corder on October 11, 1969 
1 - Aerated Cylinder (6. 
2 - Non-Aerated Cylinder 




4 -Aerated Cylinder (3.05meter) 
5 - Non-Aerated Cylinder 
6 - Open Water Station 
Fig. 1. McCargo Lake showing Location of Sampling Stations 
---..) 
The cylinders are open ended with the b ase being i ntact 
with the lake bottom and the top remaining under the water 
surface. The amount of er above the top of the cylinder 
depends upon the lake level. This distance ranges from several 
centimeters in the summer to approxi mat ely one meter during the 
fall and spring. 
Physical - Chemi c al 
er stations ( to seven meters ) \Yere sampled 
for 10 months from February 6 to November 26, 1970. Samples 
were obtained at approximately weekly intervals from July through 
November e o nly a few were obtained from February through 
June . and total dissolved solids were 
sur e, three and six meter levels in 
cylinder, non-aerated cylin der and the open water 
d were talren with a Hyron L Deluxe dissolved 
was using a Corning 12 pH meter. 
modification of 
)e> .AE, 13 
er was used 
me sur e to bottom. penetration 
was d c. 
9 
Zooplankton 
Zooplanl'�ton samples ·were obtained over a ten rn.onth period 
from February 6 to November 26, 1970. Approximately weekly 
samples were taken during summer and fall months while sampling 
v1as less frequent during the sprj_ng. Initially an electric 
suction pump vias used to obtain samples at three levels (surface, 
three meters and six meters ) of three sampling stations. This 
method, however, was discontinued because the Cladoceran species 
were d re fficul t. 
Two vertical plankton net hauls ·were then taken at the 
6.09 meter and non-aerated cylinders and at an open 
water station en these cylinders for the duration of the 
A • 20 
a 25 em 
ened other . 
were 











net with a me size o f  80/u ·was used. 
at one end vri th a Wisconsin bucket 
to the laboratory where they were fixed 
se 
in 100 ml containers. Congo 














c the non-aerated cylinder 
at the .05 level of con-
d open water stations were 
cant difference between the two tows. 
uently, only the first tow was included in the calcula-
tions of tv t) • 
raw all zooplankton s collec d comprises 
Tables seven through 10. All counts in the text have b��n 
rounded to trro ..c> . . +-J.lCan ..... 
Physical - Chemi cal 
One of the mo pronounced effects of aeration was the 
creation of uni temperatures from surface to the botto� in 





v1as observed between the surface and bottom on all 




surface and 1 2 C at 6.5 
2). change from the uniformity in temperature 






results when compared to the temperature 
from 
water non-aerated cylinders show 
cases the latter two environments 
to (Fig. 2). The mean 
was found to be significantly 
of confidence than the mean temperature 
• 
to ice from. over the 
t c  cover was at other 
to • 
of in the 
c on the 
6 





















































































































where the surface had 11. 4 ppm and the three and six met�r 
levels had 11. 0 ppm and on Narch 6 where 7.2 ppm, 7.0 ppm and 
7 .l.f. v1ere recorded for the surface, three meter and six 
meter levels re cti vely. From July 23 to November 26 the 
dissolved oxygen v1as found to vary more between levels, vvith 
dif es of occurring on three occasions. On August 
4 
tive1y, 
2, th 8.2 
22 the variation 2.0 ppm and 2.4 ppm respec- · 
the e and six meter level. The largest 
en levels was 6.2 ppm which occurred on September 
sur e and 2.0 at t he meter level. 
This variation undoubtedly resulted because the aeration had 





cylinder and open water station had similar 
on 
throughout the study, while they 
the station. these 








unt11 the fall 
The non-
the open er 
no 
vra.s not sent 
sur 
( 1 rcent 
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on to a 
e:-cved at 
of 10.0 on 
on 
mid-Sept 
encies oc on 
one oc 
a --sa condition to exist at 
tes ed. dissolved oxygen 
c. fror-:1 9. L;. at surface 
of 3.4 pp� on October 20. The seasonal 
open er station, at surface, was a 
and 4 to a low of 2.2 ppm 
ssion of Cargo is evident by 
at the open water station. The 
were recorded 
to mid-i.Jovember, vvhile the hi.ghest transpar-
23 12. The lowest reading, 
er d dark bro1vn 
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t 
aere .. t d 
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of 
exc 











-· --- OPEN WATEH 
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by the cchi Disc 
from June through 
at all 
uniforr.1 at t 
However, an e::(c 
7.1 at the 
meter level 
I ( 
to November 26. The �vas usually 
three levels sampled in the aerated cylinder. 
occurred on September 2 when the pH was 
er level while the surface and the three 
a 8.2 a.."'1 d  8.0 pH, respectively. This drop 
occurred e:� tl:e aeration had been turned off. 
The both the non-aerated cylinder and the open 
water station similar fluctuations throughout the studyc 
The lowest ue at the open water station was 7.0 on July 23 
value was 9.3 on 1 8. 
The from a minimum of 6.9 on November 26 to a maximum 
of 9 .. LJ. on 18 in the non-aerated cylinder ( 
in values between sampling levels at 
the non-aera·ce::;.. VIas than those in 
October 20. The pH ed c , except on 6 
at meter level was consistently lower than the surface 
er the d environments through 
d d uring fall overturn 
in er level was to or 
e e me levels. 
enc e e 
2. Of 
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ov er ent of the total 
cladoceran 
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s relationship between 
to the total cladoceran population. 
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Cladoceran and Copepo da Population Densities in the Aerated, 














( '7 '\ . ) . 
22 
the non-aerated cylinder exhibited 
tno, 2L� July 23, were composed 
the socond two, September 17 and 





('� 8 ) 0. • 
ty of 5,000 per cubic meter 
the non-aerated cylinder reached its high-
cu c meter, on September 1 7  and displayed 
on October 5 a density of 1 , 600 per 
density was found to be greatest 
This in crease in 
cline the population from 
24 to 650 on July 2. A similar, 
e from 30 per cubic meter 
_er, followed the crease of July 




























• ceran and Populat:Lon .uvH'-'..L ties in the Hon-.Aerated 
�,T r.--:-- ;� 1 1070 1�ovekll.Jer, ./ • f\) \..>-J 
vrere on 12 were 45 percent of the 
percentage composition of 
fica.ntly higher than 
the non-aerat open water stations from July 2 to October 
1-v d, was no cant 
fference the copepod population densities between the 
aerated non-aera There was, however, a 
c er ons at 
hs. 
populations in the aerated 
occurred on I��Ia:l 
ent). 
occur tv1o 
on the :Lni tial 




es d to 
cor an 20 
160 0 
f ] DAPHNIA 























C HY RUS 
Dl APTO MUS 
CYCLOPS 
Population Densities in the Aerated Cylinder 
' 1 • 
1 8  a er ch Ceriodantnia became more urevalent. 
.......... • et>t ""'-
26 
per cubic Deter to a of 720. reached a 
. " . t maxlmun a.ensJ_ y on ptenber 2 with 1 , 1 00 per cubic meter and 
then declined through October and November. 
tvro st populations in the aerated cylinder 
were found on 24, with 220 per cubic meter and on August 
26 w�L th was the case at the other two stations, the 
during the first two weeks of 
• throughout the 
study cylinder in small numbers. 
copepod density the aerated cylinder was 











densi t�,r d 62 
Copepoda were found to 
zooplankton on three other 
ThJvember 1 1  where 52 percent 
55 
7. 
( 90/H.J) "'Nero re c 
zooplanJ:r.ton 
met or on October 29 
590, 






























' " , ,, , . • CYCLOPS 
rf' G• 
tion 











sec of 78 percent e the 
occt.1red on 1 2  (6 ) Y/as 57 percent 
occured on er:1c:er , 7 tb.rough l 
of ','ii th 630 640 per 
ctively on those dates. 




at �t, 0 Via ter ste.tlon 
sed 22 perce�t of the 
CG::J.t Of c1adocera!1 
con huted less 
but �as founc to have 1 2  percent 
21 ( • 1 0). 
ean population at the 
en c on oc 
tha.n non ed cyli.nder 
(a e 1 1) .  
29 
DISCUSSION 
Physical - Chemical 
The reason that past studies have emphasized physical-
chemical , according to Symons, Tieibel and Robeck 
(1966), was due primarily to federal support of research in 
the area of limnolo cifically in the direction of water 
quality control. Further1�1ore, the frequency of e:::tensj_ve fish 
both rivers 
and 
tention to of sh asphyxiation 
do\vnstream froa impoundment outlets (Hechenthum, 
1968). Consequently, early studies were 
concerned with improving and maintain.ing vra.ter quality of the 
) 













e, 6 )  it 
30 
The phenomenon of thermal stratification in the aquatic 
eco 
( 1 ) ' 
em en known for some time . According to Hutchinson 
vertical temperature determinations were made 
during 1812 to 1814 , e the first published results were 
those of De la Beche (1819 and 1820). The presence of strati-
fication becoxes a problem in eutrophic bodies of water. 









( 1 ) 
e 
d 
c loss of oxygen." 
destratificatton been shown to improve 
tion of destrati cation not 
warming of bottom water and the develop-
d in 
( 1967) noted that water temperatures 
useful 
fi 
















found depletion in 
two ( 1963) 
cant in a near 
were exceptions to others 
have reports terature. The find:Lng that oxygen con-
c 
levels at the other 














a c cone 
all 0 of open water station ( • 3). 
s have beon a result of organic matter 
establi cl observati.on 
that d not occur in either cylinder. 
cylinder bly prevented the "confinedn water coli.3.mn 
content in the 
concentr�tions of the three meter 
1 d stations wer e consi ently lower 
surface level. presence of stratification 
0 tiOl1. 
regions of high biological activity 
, or t'l.J.ration due 
re c matter are frequent." 
w:Lder flue 








on e o ( e ) � 
33 
f 1 of _,;.e sc-u:1e station were e;reater than those 
was observed that the aerated cylinder 
identical readincs at the three 
levels on occasi.ons which suggest the effect 
of er. Symons, Irwin and Robeck ( 1967) 
soli in their destratified 
t noted :Lncre,::lse vras not aggravated b;y the pumping 
level of total dissolved folJ.nd in 
to be consistent th lakes of this type. 
en 100 e 
closed , where evaporation a factor, may range 
cted by aeration, with this 
t the de d cylinder. 





( 1 ) 
er se 
1 was found to 
( d 1961)<? 
ed 





be the result of photosynthesis. 
Zooplankton play a significant role in the nutrient cycles 
c c of aquatic environment. The importance 






e that t Harris (1959), Ketchum 
and Min (1963) have found that 
trogen ficant role in the 
cycle of the sea. That zooplankton play a similar 
( 1 1 ) re 
d 







been establi by .Steele 
(1965) others. 
is role zooplankton 
fied as 
consumers. ever 
on their cular che, 
of higher 





c c d 
35 
( 1 1 ) ' others have noted that population 
flue be due to several interactine physical-chem-
ic 0 c as d_ation, cific an d 
ci 1"1 c obvi.ously affect species composition v 
popula on t ies . 
tel�n of occu.rrence o f  and 





of ( 1 
e' 
re 
ches and consequently cannot co-exist in the 
This observation is consistent 
( 1 es the 
cc�n the sa'1le area." fact that 
more effi in utilizing a ted food 
an as to its e over 
19  e of 
in 
be "limited" at 
is d by 
) others. ght (1965), 
o f  
c, was due to and 
0 





second po ble explanation for the change in species 
dominance of c cerans may have been the predation pressure 
of (1962) observed that the growth of perch 
spawn in Sept vras ac compa d . by the disappearance of 
Daphnia 
) . It was also found that the disappear-
ance o f 
it in short supply or plentiful, or that it is 
fecundity, or that predation altered the composition, 
it cc:u11e the numerically dominant 
ons sampled in McCargo 
the fall and its 
ed environ-· 
two stations 
10 even s does 
t 
() 1 2  c. 
of o f  
fl 11 ar;; 
ted 
i the 
t c f:3 c ed 1)y 
3'? 
( �e of adocera and colonoid copepods)." 
Hutchinson (1957) no s that Chydorus and sometimes Bosmina 
n li ttors.l most of the year but become planktonic 
duri the presence of some phytoplankton blooms. further 








green • The largest density, 500 
er (non-aerated cylinder), occurred on July 2, 
s occurred one we 





bloom 20 ous. 
earlier both aerated and 
the aerated cylinder 
bloom on June 12. The other 
but 
cies of 













on o f tv.rbulence ed cha::1ber 
e c of clarlocorans, their focundi ty 
re ) . t copopo 
me.nner 
their eding :process .separate from 
) . of 
is done to overcone 
effect of 













t or of 
) enc of eel 
c 0 '' 
T:l'. 
( 1 ) not  
c z o  
a 
pre 






-:::. e ra.te l+ ) z o o :pl anl:::ton , 
G e n  d o ut o f  t h e  
e n c e . 
pre t i on wa.s a variabl e 
o n s t hrou u t  t h e  sum� e r  an d 
c po r t i o n  o f  what woul 6 o th e rwi s e  
c urv e . fu r t h e r  s t at e d  n wi t h o u t  
c o ;u e  fo o d  d ,  a.t a cons1 d e r -
I f  The po s s ibi l i ty t ha t  
an 




o f  e n t h e  
n c1.1rve c o n e  ( 1 ) . 
c1 v e  d 
e t or 
ci 
on c e ra.n s , 
o c curr e n c e  
C cln no t b e  
o v e rl 
a e re  
at 
d .  
at 
011 25 in the a e rat e d  c ylind � r  wa s not 
o t  tYio s t at i o n s . s may have en a .,:or -
e t o  war� e r  wat er t e�perature t h e  V!a ter c oltl��n 
J.. . (... l o n . t eL1perature s  during the summer , 
howev e r , may have r e du c e d  po pulat i o n s  in this  cylinder . From 
1 2  
non 
• 
n o  
VIas 
( 1 





t t he m e an t in the aerat e d  c yl i n d e r  
0 
ers was 24 . 5  C Tihil e t h e  c o rr e s po n ding l ev e l  i n  t h e  
was found t o  e x c e e d  1 8  o nly o n c e during 
Co n s i d erin g t h e s e  obs ervati on? i t  i s  important 
( 1 O J  �� ) / +5 mean p o pul at i o n  o f  
about two and o n e  hal f time s gre a t e r  than at 25 ° C .  
) that 1 o·vv 
• 
c 
c l ut c h  e was 
not o nly 
o f  
of 
0 
1 1 c .  
t 
(') 0 1 0 . 1 c 
0 en as s o c i at e d  
c ts molting 
( 1 964 ) 
0 
25 c ,  
the me an 
of 
e n  6 0  
on t m e an 
a 
o f  food 
t bly n e v e r  found t o ge ther in e i ther 
s that nan ani.mal whi c h do e s  all 
no c o  J_ n v1arm sur e �at e r  and ' r e s '  in coo l e r  
l:::onus vrhi c h  b e  put into f e cundity . "  
is n o t  availabl e in the aerat e d  e nvironment 
i s o o f f e r  a fur t h er explanation 
why the e.e rat a lowe r  popul ati on t han t h e  non-
aerat d Z O O })l ankt o n  gration is 
e d  than t emp eratur e ( d an d Parke r 
1 ) ' v y;o ul d  be e xpe c t e d t o  c ontinue and 
the grations wo ul d not be c ompen s at e d  by 
the n l t  i n  s fie d  v1at e r . �rhe 0upl i fting tt 
a c t e d  al s o  z o oplankto n  den s i ti e s  by 
but t h e ir phy t o pl ankt on 
d s o v. r c  • 
42 
e f  c t  o f  c al d e s trat i f i c at i o n  o n  z o oplankton 
c al param e t e r s  in " c o n fin e d "  r e gi o n s  o f  
l··Ic Cargo has b e e n  studi e d . T h e rmal d e s t r at i fi c ation was 
r o  c t e d  to  two cylind e r s  1. 83 meters 
t er ; one 6 . 09 me t ers in h e i ght an d t h e  o ther 3 . 05 .  
o n e  
o f f ,  
a 
1 
Q 0 o .. o 
wer e d e s tr at i fi e d  for c e d  air wit h  the 
d e v i c e  l o c at e d  o n  shor e . Two i denti c al cylin-
t o  d o n e  were no t e d . 
were c o ll e c t  in the four cylin d e r s  and at tvro open 
was found to create uni formi ty i n  
bu t i on aerat 
the en turn e d  
sur e s even me r emain e d  c on -
show e d  
t o  solve d c one e n -
d o f  t h e  6 .. 09 er e d  
v.rere d o f  
s ummer . 
c one  on  s ur e 
t e 
d e d  
exc oc e d  v:hen 
2 . 0  
re t 
s ol v e d  
wat e r  s t i o � s , r e  
a uni 
when 
m e t er 1 
.!.. ... c �_, s o r  
7 � 0 ,  o c c u r r e  
e 
six � e t e r l e v e l . Thi s l ow val u e  
43 
turn e d  o f f .  The s e a -
sur e frou i iar c h  6 t o  November 26 
to  3 .. 8 i n  t h e  a e r at e d  c y l i n d e r . Di s -
sur fac e ran g e d  from 9 . 4 ppm to 3 . 8 ppm 
at non -ae rat e d  c yl i n d er an d o pen 
we re found to al t e r  p H  b y  c r e at ing 
e n  t h e  thr e e  l eve l s  t h e  aerat e d  cylinder 
o c c urr on 2 
7 . 2 were found at the sur fac e an d s i x  
c Thi s vari a t i o n  d e v e lo p e d  a ft er 
d a sho rt n o n -ae rat e d  
e e r  1 and 
mo o f  
, 9 . Lf. , o c curre d 
low 
s u r  e o f  




o c c urr e 
t 
e 
T h e  enc e o f  t h e  c yl i nd e r s  may h a v e  d emons t rat e d  t h e  
o f  c t  pr e c i pi t at i o n  has o n  i n c r e as i ng orGani c mat t e r  
o u t  at e i t h e r  end . On 
3 , r a. heav:r ra�in fall , t h e  l aJte 1lJat er appe are d 
dark bro·an and t h e  di s s o l v e d o xy g e n  l e v e l  at the o p e n  wat er 
t i o n  





t en-:- o n  
1 7  t 
c 
, 1 970 at 
( 
a e r .at e cl 
at le v e l s . Thi s r e du c t i on did 
• 
v:er e  d from Fe bruary 6 to 
e ly we ekly int erval s during the 
in t h e  Du pl i cat e 
\Ve r e  t aken at t h e  t hr e e  s t at i o n s , t h e  
, t h e  6 . 09 no n -ae rat e d cyl i nder and 
:Jn be t\•Je e n  cylin d e r s . Tripl i c at e  
e a c h  s t at ion . the 
t h e  mo s t  nuin e rous c i e s  
o f  t h e  t o t al c la d o -
c er a.n fo r 
and 
m o r e  rn1m e r o u s  
e t o  
O ll  WEtS s d o f  
vras c ub:L c  
c me t er , o n  
c eran c 
tt e s  at t h e  wat er s t at i o n  w e r e  f o und t o  d e ve l o p  abo v e  
c ubi c m e t e r  o n  o nly four o c c ast o n s . 
t o  po pul ati ons t hrougho u t  the s t u dy 
v:e re found to fi c antly h i gh e r , at t h e  . 05 l eve l o f  
c on fi denc e ,  i n  the non-aerat e d  cylinder than at the o ther two 
vra s no 
e n c e  ( -41 05) t h e  z o o pl ankt o n  po pul att o n s  o v e r  t h e  t o tal 10 mo n t h  
e n  e d  c yl i n d e r  a n d  o pe n  wat e r  s t at i o n , t h e  
have a fi c an t l y  high e r  populat i o n  
t a t :L o n  July and Au gus t .  
o n s  h av e  b e e n  made as t o  why the aerat e d  
t han t he n o n -a e r a t e d  cylind e r . 
by t h e  as c en ding air bubbl e s  
d c ylin d e r . Th e s e  
c c 
or t f 
t e d  t h e  
t h e  
t 
t t 
e n  c d c e rans 
e .,  
4b 
o f  d cyl i nder was gnifi cantly hi gher , 
at .05 l e v e l  o f  c o n fi e ,  than the non-aerat e d  cylin d e r .  
i 
d 
h o Ti e v e r , in t he n o n -aerat e d  
c h i g h o r  t han tho s e  in the aerat e d  
there was n o  s i gni c ant di f f ere n c e  ( . 05 ) 
at se san e  s tati o n s . A d dit-
aerat e d  had a s i  fi c antly hi c h e r  ( . 05 ) 
o pen s t at io n . 
Cl ...., ,.. c;'. v t e d  
t e 
1 0  .. () ;r:; 




1+ .. c 
5 -
c 
1 0  
1 • 
1 2  
c t 0 
t h e  t h e  s be en r1 \/. s o  
c o rr e t o  fi from 
1 1 13 5 [' . d. are data 
t e d  t h e  main bo dy o f  the the s i s • 
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t e  
60 
e r  
6 1 
L:-7 
e 1 • c 
:c. c e  i·�rea 
�..J.::: -e 
!� e o pu en t  
� 1 l'¥ ""·�- LeYlgth 
dth 
dth 
nth to I Iaximum 
pth 
o f  Shoreline 
t er O S  
0 ( 
o f  Hc Cargo Lal�.e . * 
3 1  ' 900 s q . 
8 1 , 300 , 000 





2 . 6 
0 . 45 
0 . 03 
880 
m e t er s  
m e t ers 
m e t ers 
m e t e r s  
m e t er s  
me t e r s  
J" 
) 
m e t ers 
l i t e rs 
o n s  
o f  
f .  0 4'  • 1 " 2 .. 2 .  
• 6 0 1! 5  0 . 5 0 .. 5 0 . 5  0 . 5 0 . 5 
1 3  0 . 5 0 . 5  0 . 5  0 . 5 0 . 5 0 . 5 
o .  0 .. 5 /'1 5 v .  0 . 5 0 . 5  0 . 5 
o .  0 .. 25 0 .. 25 0 .. 25 0 . 25 o .  
f.! 6 1 . o  1 . o  1 .. o 1 . o  1 . o  1 .. o 
.. '+ 4 . 0  4 .. 0 L1- . 0  4 .. 0 4 . 0  4 . 0 
1 5 . 0 1 5  .. 0 1 5  .. 0 1 5 . 0 1 5  . •  0 1 5 . 0 
1 8  1 7 . 0  1 7 . 0 1 7 . 0 1 7 . 0  1 7 . 0  1 7  .. 0 
25 22 . 0  22 . 0 22 . 0  22 e 0  22 . 0  22 . 0  
June 2 23 . 5 23 .. 5 23 .. 5 23 . 5 23 .. 5 23 . 5 
1 2  ... o 2:) . o  25 .. 0 25 . 0  25 . 0  25 . 0  
23 . 0  z -:;:: n _,I O V 23 � 0  23 . 0" 23 . 0  23 . 0  
July 2 22 . 0 22 . 0  22 . 0 22 . 0  22 ., 0  22 . 0  
8 25 . 0  2 5 . 0  2 5 . 0  . o  . o  2 5 . 0  
1 L� 24 .. 0 2L!_ ,. Q  2L� . 0  .. o . o  2Lj- . o 
. o  23 .. 0 ..... ';( {'1. C:.._,� ., u . o  .. o � 0  
. o  27 . 0  27 . 0  . o  27 . 0  27 . 0  
4 25 . 0  25 . 0 2 5 , 0  2 5 . 0 ! 25 . 0  25 . 0 
1 2  2 7 . 0  2 7  .. 0 2 7 . 0  27 . 0  2 7 . 0  27 . 0  
1 8  26 . 0 26 . 0  2 6 . 0  26 . 0  26 . 0  26 . 0  
26 2� . •  0 24 . 0  21,'- . 0 24 . 0  2L� . o  21+ . 0 
d Cyl i n d e r  
3 .. 
0 . 5  
0 . 5  
0 . 5 
. 0 . 25 
1 . o  
4 . 0  
5 .. 0 
1 7  .. 0 
22 . 0 
23 . 5 
01 0 
23 . 0  
2 2 . 0  
2 5 . 0  
2lf . o  
23 <1 0  
. o 
25 . 0  
27 . 0  
26 . 0  
24 .. 0 
3 5M . .. ... 
0 . 5 
0 . 5 
0 . 5 
0 . 25 
1 . o  
4 . 0 
1 5  .. 0 
1 7 . 0  
22 . 0  
23 .. 5 
25 . 0 
23 . 0 
22 . 0 
25 . 0  
24 . 0  
23 . 0  
27 . 0  
25 . 0  
2 7  .. 0 
26 . 0  
24 .. 0 
4 .  4 . 5H 
0 . 5  0 . 5  
0 . 5 0 . 5  
0 . 5  0 . 5 
0 . 25 0 . 25 
1 . o  1 . o 
4 . 0 Lt- . 0  
1 5  .. 0 1 5 . 0  
1 7 . 0 1 7 . 0 
22 . 0  22 . 0  
23 . 5  23 
.. 5 
25 . 0 25 .. 0 
23 . 0  23 . 0  
22 . 0  22 . 0  
2 5 . 0 2 5 . 0  
2Lf . 0  24 . 0  
n " \.....1 23 . 0  
27 .. 0 27 . 0  
25 . 0  25 . 0  
27 . 0  2 7  . o. 
2 6 . 0  2 6 . 0  
24 . 0  24 . 0  
Cyl inder 
, 1 9 7 0 . 
5 .. 01·'1 5 C.::T'/; • /J.. l 6 . 01'1 6 . 7 .  
0 . 5  0 . 5  0 . 5 0 . 5 0 . 5 
0 . 5  0 . 5 0 . 5  0 . 5 0 . 5 
.. 5 0 . 5 0 . 5 0 . 5 0 . 5  
0 . 25 0 .. 25 0 .. 25 0 . 25 0 . 25 
1 .. o 1 . o  1 . o  1 . o  1 • 0 
4 . 0 L1- .. 0 4 .. 0 4 . 0 4 .. 0 
1 5 . 0  1 5 . 0  1 5 . 0  1 5 . 0  1 5 . 0  
1 7 . 0  1 7 . 0 1 7 . 0  1 7 . 0 1 7 . 0  
2 2 . 0  22 . 0  22 . 0  2 2 . 0  
2 4. � _,; • ...) 23 . 5 23 . 5 23 . 5 
. o 25 . 0  . o  25 . 0  
23 . 0  23 . 0  23 . 0  23 . 0  
2:� . 0  22 . 0  2 2 . 0  22 . 0  
. o  25 . 0  25 . 0  25 . 0  
. o  24 . 0 211- .. o 21+ . 0  
23 . 0  23 . 0  23 . 0  23 . 0  
27 . 0 27 . 0  27 . 0  27 . 0  
2 5 . 0  2 5 . 0 25 . 0  25 . 0  
2? . 0  27 . 0  2 7 . 0  27 . 0  
26 . 0  26 . 0  26 . 0  26 . 0  
24 . 0  24 . 0  24 . 0  24 . 0 
+"' 
\.0 
o .  1 .. 
2 20 . 0  20 . 0  
8 0 . o  
7 
1 8  .. 0 
t. .  5 1 3 . 5 1 3  .. 5 1 3 . 5  
. 20 1 2  .. 0 1 2  .. 0 i 2 ., 0 
29  1 1  . o  1 1  .. 0 1 1  .. o 
3 1 1  . o  1 1  .. o 1 1  • 0 
1 1 ? .. 5 r; � ( . ./ 7 .. 5 
5 .. 0 5 .. 0 5 . 0 2 � 5 2 . 5 2 . 5 
It 6 0 . 5 0 . 5 0 . 5 
1 3  0 . 5 0 .. 5 n 5 V e  
20 0 . 5 0 . 5 0 .. 5 
27 0 . 5 0 . 5 0 . 5 
I"' 0 . 25 0 
.. 5 0 .. 5 D 
4 4 . 0 4 . 0 4 . 0 
30 1 5 . 0  1 5 . 0  1 5 . 0 
1 • 
20 . 0  
22 .. 0 
1 9  .. 0 
20 .. 0 
1 8  .. 0 
1 3 . 5 
1 2 . 0  
1 {"\ 
l . v  
i 1 . o  
7 . 5 
5 . 0 
2 . 5 
0 . 5 
0 
.. 5 
0 . 5 
0
. 5 
0 . 5 
4 . 0  
1 5 . 0  
2 .. 2 . 5:H 
2 0 . 0  20 . 0  
. o  22 . 0 
1 9 . 0 9 .. 0 
20 .. 0 . o  
1 8 . 0 1 8 . 0 
1 3 . 5 13 .. 5 
1 2 $ 0 1 2 . 0  
1 1  . o  1 1  .. 0 
1 1  . o  1 1  .. o 
7 - 5 7 . 5  
5 . 0 5 . 0 
2 . 5 2 . 5 
3 . 01'-1 
2o . o ·  
22 . 0  
1 9  .. 0 
.. o 
1 8 . 0 
1 3 . 5  
1 2  .. 0 
1 1  • 0 
1 1  . o  
7 . 5 
5 . 0  
2
. 5 
3 5111 . � 
1 8 . 0  
22 .. 0 
1 9  .. 0 
20 .. 0 
1 8 . 0 
1 3 . 5 
12 . 0  
1 1  . o  
1 1  • 0 
7 . 5 
5 . 0  
2 . 5 
Non-Aerat e d  Cylinder 
0 . 5 0 . 5 0 . 5 0 . 5 
0 . 5 0 .. 5 0 . 5  0 . 5 
0 . 5 0 . 5 0 . 5 0 .. 5 
0 .. 5 0 . 5 0 . 5 0 .. 5 
0 . 5 0 . 5 0 . 5 0 . 5 
4 . 0  4 . 0  4 . 0 4 . 0  
1 5  .. 0 1 3 . 0 1 2 . 0 1 0 . 0 
Non-Aerat ed Cylinder 
, 1 970 ( cont ' d . ) .  
4 . 011 4 . 5N 5 . 0£1 5 . 511 6 • 01vi 6 . 5H 7 . 
1 6 . 0 1 5 . 0 14 . 0  1 3 . 0  1 2 . 0 1 2 . 0 
22 . 0  22 . 0  22 . 0 22 . 0  2 2 . 0 22 . 0  
1 9 .. 0 1 9 . 0  1 9 . 0 j  1 9 . 0 1 9 . 0 1 9 . 0  
. o  20 . 0  20 . 0  20 .. 0 2 0 . 0  20 . 0  
1 8 . 0  1 8 . 0 1 8 . 0 1 8 . 0  1 8 . 0  1 8 . 0  
13 . 5 1 3 . 5 ·1 3 . 5 13 . 5  13 . 5 13 . 5  
1 2 . 0 1 2 , 0 1 2 . 0  1 2 . 0  1 2 . 0 1 2 . 0 
1 1  , 0 1 1  • 0 1 1  • 0 1 1  • 0 1 1  . o  1 1  • 0 
1 1  • 0 1 1  . o  1 1  • 0 1 1  . o  1 1  . o  1 1  . o  
7 - 5  7 . 5 7 - 5 7 - 5 ? . 5 7 - 5 
5 . 0 5 . 0 5 . 0  5 . 0 5 . 0  5 . 0 
2 . 5 2 . 5 2 . 5 2 . 5 2 . 5 2 . 5 
0 . 5  1 . o  1 . o  1 . 5 2 . 5 3 . 0  4 . 0 
0 . 5 1 . o 1 . o  1 . 5 2 . 5 3 . 0 4 . 0 
1 . o  1 . 5  2 . 0  2 . 5 3 . 0 3 - 5  4 . 0 
0 . 5 0 . 5 1 . o  1 . 5 2 . 0 2 . 5 3 . 5 
0
. 5 0 . 5 1 . o  1 . 5 2 . 0 3 . 0 3 . 0 
4 . 0  4 . 0 4 . 0  4 . 0 4 . 0 4 . 0 1+ . o  
9 . 0 8 . 0 7 . 0 6 . 0 5 . 0 5 . 0 4 . 0 
Sur f e  
1 8  1 8  .. 0 
o O  
2 . o  
'I -, 1 .:::::. .. 0 
23 . 0  
2 • 
8 . o  
1 4  .. o 
2 '2. n _.� . v
.. o 
• 4 25 .. 0 
1 2  27 .. 0 
X 26 . 0  v 
26 . o  
2 .. 0 
0 0 . o  
1 7  2 1  . o . 
22 2 1  . o  
1 t3 ., 0 
"' :t:  c: • 1 __.; 
.. __; 
1 2  .. 0 
29 1 1  • 
• 4 1 1  ., 0  J 
0 �  1 • 01·'1 
1 $ 0  1 6 . 0 
l""\ 
c V  !! 0  
. o  . o  
.. o . o  
23 . 0  23 . 0  
(1 0  .. o 
. o  .. o 
2L� .. o i"\ . v  
23 . 0  .. o 
.. o .. o 
25 . 0  25 . 0  
2 7 . 0  2 7  .. 0 
26 . 0  26 . 0 
(t o  21+ ., 0  
22 (1 0  2 1  .. o 
. o  2 1  . o  
2 1  .. o 2 1  . o  
2 1  .. o 20 . 0 
1 8 � 0  1 8  .. 0 
1 3 . 5  1 -,. c: J e j 
1 2 . 0 1 2 (0 0 
1 1  ., 0  1 1  .. o 
1 1  . o  1 1  . o  
1 • 
1 5 (\ I • V  
1 9 . 0 
. o  
22 . 0  
2 1  . o  
2 1  . o  
. o  
. o  
2 1  . o  




26 . 0  
25 4 0  
23 . 0  
2 1  . o  
2 1  .. 0 
20 . 0  
20 . 0  
1 8 . 0 
1 3 .. 5 
1 2  .. 0 
1 1  .. 0 
1 1  . o  
2 � 0H 
11+ .. 0 
1 6 . 0 
1 8 . 0  
1 8 . 0 
2 1  .. o 
2 1  . o  
. o  
. o  
.. o 
.. 0 
25 . 0  
23 .. 0 
20 . 0 
2 1  . o  
1 9 . 0 
20 .. 0 
1 8  .. 0 
1 3 . 5  
1 1  • 5 
1 1  • 0 
1 1  . o  
2 .  3 . 0H 3 . 5H 4 e  4 . 5H 
1 2  .. 0 1 1  .. 0 1 0 . 0 8 . 0 7 . 0 
1 4 . 0  1 3 . 0 1 2 . 0 1 0  .. 0 9 . 0 
1 6 . 0 L!- • 0  1 2 . 0 1 0 . 0 9 . 0  
1 5 . 0  1 4  .. 0 1 1  • 0 1 0 . 0 9 . 0 
1 8  .. 0 1 6 . 0 i 3  .. 0 1 2 . 0 1 0 . 0  
1 9  .. 0 1 8 . 0  1 5 . 0 1 2 . 0 1 1  . o  
1 8 . 0 1 7 . 0 1 4 . 0  1 1  • 0 1 0 . 0  
2 1  . o  1 7 . 0 1 5 . 0 1 2 . 0 1 1  .. 0 
20 . 0  1 9 . 0 1 6 . 0 1 4. 0  1 2 . 0  
2 1  . o  1 9  .. 0 1 5 . 0  1 3 . 0  1 1  • 0 
23 . 0  22 . 0 1 8 . 0 1 5 . 0  1 2 . 0  
23 . 0  20 .. 0 1 7  .. 0 1 L'" .. o 1 1  . o  
.. o 2 1  . o  1 7 . 0  1 4 . 0  1 1  . o  
22 . 0  2 1  . o  1 8 . 0  1 6 . 0 1 3 . 0 
20  .. 0 1 9 . 0 1 8 . 0 1 7 . 0 1 5 . 0  
2 0  .. 0 1 9 . 0 1 9 . 9 1 7 . 0  1 4 . 0  
1 8 . 0  1 8 . 0 1 8 . 0 1 7 . 0  1 5 . 0  
20 .. 0 1 8 . 0  1 7 . 0 1 6 . 0 1 5 . 0  
1 8 . 0 1 7 . 0 1 7  .. 0 1 5 . 0  1 LJ. . 0  
1 3 . 5 1 3 . 5 1 3 . 5 1 3 . 5  1 3 .. 0 
1 1  • 5 1 1  • 5 1 1  - 5  1 1  . 5 1 1  . o  
1 1  . o  1 1 . o  1 1  . o  1 1  . o  1 1 • 0 
1 1  . o  1 1  . o  1 1  . o  1 1  . o  1 1  . o  
5 .  Ol'<I 
7 . 0 
8 . 0  
8 . 0 
9 .. 0 
9 .. 0 
9 . 0  
9 . 0 
9 . 0 
1 0 . 0 
1 0 . 0 
1 0 . 0 
1 0  .. 0 
1 0 . 0  
1 1 • 0 
1 1  . o  
1 1  . o 
1 2 . 0  
1 2 . 0  
1 2  .. 0 
1 3 . 0  
1 1  . o  
1 1  . o  
1 1  . o  
ed Cylinder 
, 1 970 ( cont ' d . ) .  
5 . 511 6 . 0H 
6 . 0  6 . 0 
8 . 0  7 . 0 
8 . 0 8 . 0  
8 . 0 8 . 0 
8 . 0 8 .. 0 
8 . 0 8 . 0 
8 . 0 8 . 0  
9 . 0 8 . 0  
9 .. 0 8 . 0 
9 . 0 8 . 0  
9 . 0 8 . 0 
9 . 0  8 . 0  
9 . 0 9 . 0 
1 0 . 0  9 . 0 
1 0 . 0  9 . 0 
1 0 . 0 9 .. 0 
1 1  • 0 1 0. 0 
1 1  • 0 1 0 . 0 
1 1  . o  1 0 . 0 
1 2 . 0 1 1  . o  
1 1  . o  1 1  . o  
1 1  . o  1 1  . o  
1 1  . o  1 1  . o  
6 5M • 1< .. 
6 . 0 
7 . 0 
7 . 0 
7 . 0 
7 . 0  
8 . 0 
8 . 0 




8 . 0 
8 . 0  
8 . 0  
8 . 0  
9 . 0  
9 . 0 
9 . 0  
9 . 0 
1 0 . 0  
'1 o . o 
1 1  . o  
1 1  .. o 
1 1  . o  
1 1  . o  
7 . 01-1 
6 . 0 
\.n 
Sur f (! 
.. 7 rz 5 
5 . 0 
2 . 0 
6 0 . 5 
0 ., 5 
0 . 5 
0 . 5 
• 6 0 . 5 
• 4 4 . 0 
30 1 5 . 0 
1 8 '! . o  I 
. o  
2 .. o 
1 2  .. 0 
24 23 . 0 
2 23 "' 0  
0 0 26 . 0  
1 4  23 .. 0 
23 . o  
28 27 . 0  
A u �  
7 . 5 
5 . 0 
2 ., 0  
0 . 5 
0 . 5 
0 .. 5 
0 ., 5 
0 . 5 
1 A lf $ U 
1 5 .. 0 
1 8 . 0  
. o  
23 � 0  
26 . 0  
e O  
23 .. 0 
2 5 . 0  
23 . 0  
23 .. 0 
27 . 0  
1 $ 1 • 
7 5 7 . 5  
5 . 0 5 .. 0 
2 . 0 2 . 0 
0 . 5 0 . 5 
0 .. 5 0 . 5 
0 . 5 0 . 5 
0 .. 5 0 . 5 
0 . 5 1 . o  
l!- . 0  4 . 0 
1 5 .. 0 1 5 . 0  
1 7  .. 0 1 5 . 0  
20 ., 0  1 8 ., 0  
. o  22 .. 0 
1) 0  2 1  .. 0 
. o  22 . 0  
22 (> 0  22 . 0  
24 .. 0 24 . 0  
23 .. 0 23 . 0  
23 . 0  22 .. 0 
27 .. 0 25 .. 0 
2 .,  2 .  3 QV! • i ..l 3 . 5H 4 -
7 . 5 7 . 5 7 . 5  7 . 5 7 . 5 
5 . 0 5 . 0 5 . 0 5 . 0 5 . 0 
2 . 5 2 . 5 2 . 5 2 . 5 2 . 5 
Open �at er Station 
0 . 5 0 . 5 1 . o  1 . o  1 . o  
0 � 5 1 . o  1 . o  1 . o  1 . o  
0 . 5 0 . 5 0 . 5 0 . 5 1 . o 
0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 
2 . 0 2 . 0 2 .. 0 2 . 0 2 . 0  
4 . 0 4 . 0 4 . 0  4 . 0  4 . 0 
1 L1- . 0  1 2  .. 0 1 0 . 0 9 . 0  7 . 0 
1 4 . 0 1 3 . 0 1 2 . 0  1 2  .. 0 1 1  . o  
1 7 . 0  1 5 . 0  1 3 . 0  1 1  • 0 1 o . o -
1 9 . 0 1 5 . 0  1 3 . 0 1 1  . o  1 0 . 0 
1 8  .. 0 1 5 . o  1 3 . 0 1 1  . o  1 0 . 0 
2 1  . o  20 . 0 1 7 . 0  1 4 . 0 1 1  . o  
20 . 0  1 8 . 0 1 5 . 0  1 2 . 0  1 1  . o  
22 . 0  20 .. 0 1 5 . 0  1 3 . 0  1 1  . o  
23 . 0  2 1  . o  1 7 . 0  1 4 . 0 1 1  . o  
22 . 0 2 1  . o  1 9 . 0 1 5 . 0  1 2 . 0  
22 . 0 2 1  . o  1 9 . 0 1 6 . 0 1 2 . 0  
, Non-Aerat ed Cylinder 
November , 1 970 ( cont ' d . ) .  
4 . 51-1 5 .  
7 . 5  7 . 5 
5 . 0 5 . 0  
2 . 5 3 . 0 
1 . o  1 . o  
1 . o  1 . o  
1 · 5 1 . 5 
0 . 5 1 . o  
2 . 0 2 . 0 
4 . 0 4 . 0 
6 . 0 5 . 0 
9 . 0  8 . 0 
9 . 0 8 . 0 
9 . 0 8 . 0 
9 . 0 8 . 0 
1 0 . 0 9 . 0 
1 0 . 0  9 . 0  
1 0 . 0 9 .. 0 
1 0 . 0 9 . 0 
1 1  . o  9 . 0 
1 0 . 0 9 . 0 
5 5h� • .l. J. 
7 . 5 
5 . 0 
3 . 0  
2 . 0  
2 .. 0 
2 . 0 
2 . 0  
3 . 5 
4 . 0  
4 - 5 
7 . 0  
8 . 0 
8 . 0  
7 . 0 
8 . 0 
8 . 0  
8 . 0 
8 . 0  
9 . 0 
8 . 0 
6 . 0H 6 .  51-1 
7 . 5 7 . 5 
5 . 0 5 . 0 
3 . 5 4 . 0  
3 . 0 4 . 0  
3 . 0 3 · 5 
3 . 0 3 . 5 
2 . 5 3 . 0 
3 . 5 3 - 5 
4 . 0 4 . 0 
4 - 5 4 · 5  
7 . 0  7 . 0 
7 . 0 6 . 0 
7_ . 0 7 . 0  
? . 0 7 . 0  
7 . 0 7 . 0 
8 . 0  8 . 0 
8 . 0  8 . 0  
8 . 0 8 . 0 
8 . 0 8 . 0 
8 . 0 8 . 0 
? . 
4 . 0 
4 . 0 
4 . 0 
3 . 5  
3 .. 0 
lf . o  
4 . 0  









� 0  
.. 0 
., 0  
22 . 0  
., 0  
....... 1 r\. C:: I " V  
2 1  .. 0 
1 8  .. 0 
1 l} .. o 
1 2  .. 0 
1 n 
. ...... 
1 1  .. o 
7 . 5  
5 .. 0 
2 0 
o .. 
25 . 0  
., 0  
. o  
.. o 
22 .. 0 
22 .. 0 
..., � r\ C:. l  u 
2 1  . o  
1 .. o 
1 L� .. 0 
1 2  .. 0 
1 1  • 0 
1 1  .. 0 
7 � 5 
5 . 0 
2 . 0 
.. 2 .  2 .. I "' 
. 
.. o .. o .. o 
.. o ., 0  . o  
" 
.. 0 .. 0 
.. o 22 . 0  . o  
2 1  ., o  2 1  0 20 .. 0 . o  
2 1  .. o 2 1  a O  2 1  .. o 0 
.. o 1 8 ., 0  1 . o  1 8 . 0 
20 ,. 0  1 9 . 0 1 8 . 0 1 8  .. 0 
1 8 . 0 1 8  .. 0 1 8 . 0  1 8 . 0  
1 L, . ., o  1 4  .. 0 1 4  0 1 4  .. 0 
1 2  0 1 2 . 0  1 2 .- 0  1 1  ... o 
1 1  .. o 1 1  .. 0 1 1  . o  1 1  .. o 
1 1  . o  1 1  ., 0  1 1  .. o 1 1  .. o 
7 . 5  7 - 5 ? .. 5 7 . 5 
5 ... 0 5 . 0 5 . 0 5 .. 0 
2 0 2 . 0 2 
.. 5 2 . 5 
3 • 3 . 5H 4 . 0H 4 "' 51"'1 5 . 0H 5 5' 'r 6 . 0H I" ? .  • J.ll o .  
1 9 . 0  1 6 . 0 1 2 . 0  1 0 . 0  9 . 0  8 . 0 8 . 0 8 . 0 
1 9 . 0 1 7 . 0 1 .. 0 1 1  • 0 1 0 . 0 9 . 0 8 . 0  8 . 0  
2 1  . o  i 6 . 0 1 7 (I ..J • V 1 1  . o  1 0  .. 0 9 . 0  8 . 0 8 . 0 
2 1  . o  1 9 . 0 1 5 ., 0  1 1  . o  1 0 . 0  9 .. 0 9 . 0 8 . 0 
20 . 0  1 9 . 0  . o  1 3 . 0  1 1  .. 0 1 1  • 0 9 . 0  9 . 0 
.. o 1 9 . 0 1 . o  1 2 . 0 1 · 1  . o  1 o .o 9 . 0 9 . 0 
l . o  1 7  .. 0 1 6  .. 0 1 3 . 0  1 2 . 0  1 1  . o  1 0 . 0  g . o 
1 7 . 0  1 7 . 0 1 . o  1 4 . 0  1 2 . 0 1 1  .. 0 1 0 . 0  9 . 0  I 
1 7 . 0 1 7 . 0 1 6 . 0 1 lt- . o  1 2 . 0  1 1  • 0 1 0 . 0  9 . 0 . 
1 4 . 0  1 4 . 0 1 L;- . O  1 3 . 0 1 2 . 0 1 1  . o  1 1  • 0 1 1  • 0 
1 1  . o  1 1  .. o 1 1 . 0 . 1 1 . 0 1 1  .. o 1 1  "' 0  1 1  "' 0  1 1  .. 0 
1 1  .. o 1 1  . o  1 1  ... o 1 1  . o  1 1  . o 1 1  .. 0 1 1  .. o 1 1  .. o 
1 1  . o  1 1  . o  1 1  • 0 1 1  .. o 1 1  . o  1 1  . o  1 1  .. o 1 1  . o  
7 - 5  7 . 5 ... 5 7 . 5 7 . 5 7 . 5 7 . 5 7 . 5 
5 . 0 5 . 0  5 . 0 5 . 0 5 . 0 5 . 0  5 . 0 5 . 0 
2 . 5 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0  3 
.. 
5 4 . 0 
.?l+ 
Conc ent rat i ons at the Ae rat e d  
' and t he Open er Station 
Nov ember , 1 9 70 .  
( part s  per mill ion ) 
e d  Non -Aerat e d  Open Wat er 
Dat e  Sur f . 3 . 0N 6 . 0H Sur f . 3 . 0H 6 . 0H Sur f .  3 .  orv1 6 . 0M 
Har . 6 7 . 2 7 . 0 7 . 4 8 . 4 7 . 4 3 . 4. 1 0 . 0  8 . 0 2 . 0  
Apr . 4 1 1  • 4- 1 1  • 0 1 1  . o  8 . 4 7 . 4 3· . 1+ 1 0 . 0  8 . 2 2 . 0 
30 9 . 2 9 . 2 9. 2 9 . 4  8 . 0 0 . 6  9 . 0  7 . 8 0 . 2 
J une 2 8 . 2 8 . 0 8 . 0 8 . 0 l+ . 0 0 . 2 9 . 0 7 . 8 o . o 
July 7 . 4 7 , 4 7 • Lf. 7 . 4 . 4- . 8 o . o 7 . Lt- 5 . 0 o . o 
8 . 0 7 . 2 6 . 8 8 . 1+ 3 . 8  o . o 7 . 4 L1- . 8 o . o 
• 4 8 . 6 ('• 6 C) • 6 . 6 8 . 0 6 . 6 o . o 8 . 0  3 . 2 0 . 0 
1 2  6 . 0 6 . 2 6 .. 0 6 . •  6 4 . 0 o . o 7 . 0 l.� . 0 o . o 
1 8  7 . 2 6 (_� • o 5 . Lf . 7 " 2 3 . 0 o . o 7 . 4 3 . 8 o . o 
26 8 . 0 8 . 0  8 . 0 8 . 0 6 . 0 o . o 8 . 4 4- . 4  o . o 
Sept . 2 8 . 2 6 . 0 2 . 0 7 - 4 r;· 4 o . o 7 . 0 Lt- . 8  o . o 7 .  " 
8 7 c· n 4 7 . 0 7 tJ Lt 5 . LJ. o . o 8 . 0 5 r o . o · .)  ( . . o  
1 7 . 0  7 . 0 5 - 4- 6 . 0 5 .. 0 o . o 6 . 0 6 .. 0 o . o 
? . 2 5 8 Lt . •  8 7 . 0 6 . 0 o . o  6 . 6 5 . 4 o . o  
6 . 4 5 , 1.{. Lt • 6 4 - 4 3 . LI- o . o 4 . 0 .3 . o o . o 
O c t . L1- . 0 3 , l} 3 . 0 L� . 8 3 . 2 o . o 3 . 8  3 . 11. o . o 
5 . 0 5 . 0 3 . L}. 3 . Lt-
"'7 6 ;; . .  3; . LJ. 4 · 4  3 . 0 3 ., LJ. 
5 . 0 lt- . 1+ l+ . 2  Lj. .2 4- • L+ 3 . 0 4 · 4  1+ - 4  3 . 2 
3 3 . 8 Lr . 1+ •.  , •-:::> 3 . 4 3 - 5 �; . 6 2 .. 2 1 .. 6 o . o  0 :; . c.. 
1 5 . 0 Lt- - 0  1.{- . 0 5 . 0 L� . 0 3 .. Lt- 5 . 0 5 . 0 J+ . o  
? . 2 6 .  6 " l+ 6 . 6 6 ., 2 6 . 0 6 . 4 6 . 2 4 .. 4 
e 





















1 9  
26 
a s  De t e rm i n e d by t h e  S e c c hi 
i n  N c Car go Lake from June 
( m e t e r s ) 
1 .5 H 
1 . 5  H 
1 . 25 1'-1 
1 • 5 1,'1 
2 . 0 H 
1 . 75 H 
1 . 75 N 
2 . 0 
' 1 .  75 11 
1 • 5 H 
1 .. 5 H 
1 • 5 �1 
0 . 75 H 
1 • 0 H 
0 . 7 5  
0 . 75  J'vl 
1 . o  
0 . 7 5  N 
0 . 5  Jvi 
D e 
1 • H 
Aerate d 
June 2 300 
!,) 8 




1 2  




1 7  300 
22 
C c t  .. 2 9 
3 
1 1 
1 9  
26 
ds o f  e ,  T hr e e 
Cyl , N o n -A e rat e d  
i n  l,'1c Cc:tr;;o Lal:e i'ronl June 
:No n -Aerat e d  Open Wat e r  
300 300 
300 300 
� 3 -J r:: _./ C.. :J
300 300 
32 5 325 
325 7 25 .) 
















d So l i ds Co n c e n t r a t i o n s  a t  Sur f a c e , 
at t h e  Aera t e d  e r , Non -Ae rat e d  
:J O l:l. 
e r  S t at i ons in Car go from July t h r o u gh 
Aerate d Non-Aerated Open \'later 
3 • Qj'vf 6 . 0H Sur f . 3 . 0N 6 . 01>1 Sur f . 'Z. 6 . 0H ./ • 
300 
300 300 300 300 300 300 
300 300 3 00 325 325 325 
300 300 300 300 
325 325 325 325 32 5 
32 5  3 25 
-.,. '") ,.... .)c. ::; 
3 25 
300 300 
300 300 300 3 00 3 0 0  
3 0 0  300 3 25 
300 300 Lf-00 
300 300 
1+00 L1.oo LrOO 




Mar . 6 
July 27 �·) 
28 
Aug . 4 
1 2  
1 8  
26 
S e pt . 2 
8 
1 7  
22 
O c t . 
e .. I o n Con c entrat i o n  a t  t h e  Sur fac e ,  f'-le t e r  a.nd e r  Leve l s  o f  t h e  .lierat e d  Cyl i n d e r , ..!.. d Cyl i nd e r , and O p e n  \'la t e r  S t a.t ions in He Cargo 
l..f 
From bruary through No vember , 1 9 70 . 
Ae rat e d Non -Ae rat e d  Open Wat e r  
Sur f . 3 .,  6 . 0H Sur f .  3 . 0H 6 . 0H Sur f . 3 . 011 6 . 0H 
7 . 1 
7 - 9 
8 . 2 
7 . 9 
8 .  1 
9 .,1+ 
8 . 3 
8 . 2 
8 7, . .. / 
8 . 3 
8 . 2 
8 . 0 
7 . 5  
7 . 8 
7 - 9 
7 . 1 
? . 0 
7 . 9 
8 . 2 
? .8 
8 . 0 
9 I , • '"r 
8 . 1  
8 . 0 
8 . 3 
8 . 3 
() -., o . :; 
? . 9 
? . 5  
7 . 8 
7 . 9 
? . 2 
7 . 2 7 . 3 7 . 2 
7 .· 9 7 . 9 7 - 5 
8 . 2 8 . 3 8 . 0 
8 . 0 7 . 9 8 . 0 
8 . 3 8 . 5 8 . 3 
9 . 4 9 .  Lt- 8 . 9 8 . 3 8 . 2 8 .  1 
7 . 1 8 . 2 8 . 0 
8 . 3 8 . 6  8 . 2 ),"! / ,  0 ., ... r 8 . 1+ 8 . 2 
8 . 3 8 . 3 7 · '+ 
7 . 7  8 . 0 7 - 9  
7 . 6 7 . 5  7 . 5 
7 . 7  7 . 7 7 . 6 
? . 9 8 . 0 7 - 9  
7 . lt- 6 . 9 7 . 2  
7 . 1 7 . 3  7 . 2 7 . 2 
? . 2 7 . 9  7 · 4 7 . 0 7 · 4 8 . 2 8 . 0  7 . 2 
? . 2 7 - 7 7 . 6  7 - 3 
7 . 0 7 . 8 ? . 6 7 . 6  8 .. 7 9 - 3 8 . 9 8 . 4 7 . 5 8 . 0 7 - 5 
7 . 6  8 .  1 8 . 0 7 · 9 7 . 1 8 . 1  8 . 3 7 . 3 
7 . 1 8 . 6 8 . 4 7 - 4 7 - 3  8 !'" . a  8 .  1 7 . 3 
7 . 3  ? . 9 7 · 7 7 - 9  
7 . 5 7 . 5  7 · 5  7 . 6  
7 . 8 7 . 9 7 - 9  7 - 9  
8 . 0 7 . 9 7 - 9  7 . 2 
7 . 3  ? . 0 ? . 2 7 . 1 
:JO 
7 . Total Clado c eran and Co p e  po d Stan d i n g  Cro p 
in ' t e d  Cyli nder and Open Water 
Stat i on in He fr o n  February t hrough November , 19 ? 0 . 
( number per cubi c  m e t e r ) 
Dat e Aerat e d  Non -Aerat e d  Ope n Vlat er 
Fe bruary 20 1 7  76 1 2  
27 47 9 9 80 
Narc h  6 85 223 94 
20 8 1 243 1 50 
25 . LJ-2 1 6 2  1 79 
April 4 30 1 53 1 45 2 1  79  78  73 
30 221 1 1  Lf. 85 
1\·iay 25 72 1 256 242 
June 2 L�99 1 1 5 1 2  2 1 8 27 0 1 67 
1 8 839 1 ' 5 1 0 L�47 
24 1 , 023 2 , 1 73 86 1 
July 2 1 , 390 308 
8 1 , 0 1 Lt- 1 58 
1 1.{. 95B 2 , 650 3l.t9 23 76 7 5 , 76 3  1+ 1 7 
28 1 ' 2 , 526 260 
4 1 , 48Lt- 2 , 06 6  290 
1 2  1 , �- 1 5 878 6 69 
1 8  1 , 354 932 3 1 5 
26 1 ' 1+ 1 ' 57 1  422 
2 1 ' 2 ,  21+3 
(1 2 349 0 ' 
1 7  3 , 6 26 
1 ' 1+8 1  
7 1  'l 1 ' 635 
5 6 1 9  2 , 09 1 
}+ 1 30 1 
3 1 
1 1 2L�7 303 
1 1 3  89  
9 3LJ. 
c eran and Copepoda Po pulat i on Dens i t i e s  in 
Cylinder in Mc Cargo Lake from February through 
( numbe r  per c ubi c meter ) 
Dat e  Ceri o danhni a Bo smi na Chydorus J?� api;Qmus C�rclo1.1s 
20 72 0 0 1 3 0 
2 7  6 8  0 0 9 1 8 4 
6 0 0 4 1 1 7 4 
20 1 0 Ll- 1 3  73 4 
25 0 0 1 3 6 0 4 
Lt- 89 0 0 4 47 1 3  
2 1 43 0 0 9 1 7 9 
30 68 4 0 4 2 1  1 7  
25 2 1 3 4 4 1 7  1 7  
Jun e 1 2  9 1 3  4 6 0 26 
1 8  1 3 85 1+ 90 6 4 
24 4 94 4 5 1  60 
July 47 503 0 9 8 90 
6 1+ 1 1 9 0 6 0 1 1 9 
1 ' 1 85 0 3 1 5 273 
l+ ' 5 1  30 0 362 332 
1 ' 1 1  6 1 1 5 0 60 1  596 
6 8  60 0 507 23Ll-
9�- 1 3 0 209 1 87 
'+ 0 6 8  7 6  
85 Ll- 277 55 
2 1 ' 0 1 LJ- 1 6 0 
1 ' 0 1 66 6 0 
z 1 0 '+8.5 5 1  j '  
0 26Lt- 7 2  
1 3  1 ' 9 0 1 07 55 
t "  8 '1 1 ' 6 1  0 1 l.f. 1 2 1  
1 7  6 1 3 9 Lr 1 
2 1  1 1 3  4 1 27 
3 1 3  38 1 3 ' 1 7  38 
1 1 9 Lr·7 4 1 1t/+ 2 1  
1 2 1 1 3  1 7 0 
3Lr Lt-
1 0 0 0 24. 6 '+ 
60 
�:abl e • e ran Co p e po Popu l a t i o n  De:J.sit i e s i n  
the Aerat e Cyl:l. nd er j_n Nc Cargo Lal:e from Fe bruary through 
November , 1 9 70 . 
(number p e r  cubic me t er ) 
Dat e Daphn i a  Ceri o da nhn:L a  Bo smina Chy dorus Diapt on1u s Cvc l o ns 
. �·�� -
Feb . 20 1 7  0 0 0 0 0 
27 38 0 0 9 0 0 
(' 60 0 4 2 1  0 0 • 0 20 64 0 0 4 9 4 25 34 0 0 0 4 4 
4 1 7  0 0 4 9 0 2 1  38 1 0 9 9 1 3  
1 1 3  4 4 1 7  5 1  
25 6 1 8  9 0 4· 8 1 9 
June 2 439 30 lf. L� 1 3  9 
1 2  64 9 5 1  2 1  30 43 
1 8  588 5 1  1 1 5 1 3 38 3Lf. 
24- 635 47 2 1 7 9 6 L}. 5 1  
July 2 43 2 1  1 7  0 2 6  26 
8 1 36 1 3  1 7  4 2 6 64 
1 lj. 528 . 38 5 1  0 94 247 Lt-L�7 2 1  1 3  0 90 1 96 
456 2 1  9 0 24.7 294 
it '+ 43 4 1 28  6 0 1  
1 2  38 0 307 230 
1 B 61+ 4 592 24-7 2 1 7 26 0 0 e r  4 ) 0 226 
1 47 0 1 lt-9 68 
1 26 0 2 1 3  1 02 
9 4 2 1 :3 1 1 
1 'Z .,.) 9 
1 7  9 4 1 70 1 1 9 
Q 1 _3 0 1 02 ,/ 
9 1 3  0 60 
1 3  1 3  L� 9 4  
7 1 5 1  1 7  '+7 <Ill :J 
1 1  4· 7 5 1  Lf. 6 8 1 1 li· 4 0 1+ 0 
0 0 1 6 1 1 
i n  
t hrough 
Date 
Feb . 20 6 
27 55 
6 Ll-3 
20 1 07 
25 1 1 1 
Apr . 4 1 1 1 
2 1  
30 5 1  
25 1 95 
June 2 8 1 
1 2  91} 
1 8  277 
2Ll- 669 
July 2 2 1 7 
8 6 8  
1 1+ 1 
1 
LJ. 
1 2  
1 8  
Ill 2 1 
7 _) 
1 "7 �' 
·.z; ·"" c?. 1  
1 1 1 3  
1 1 
2 
an d Co p e po da Po pul a t i o n  Dens i t i e s  
j_ n lic Carco Lake from 
( numbe r  per c ubi c meter ) 
ner� o �an�ni 8 Do c�i na �-L l i_ ,.. !. .... _ ..... C.; ......... "'�';. -.... Chv d o rus 
0 0 0 
0 0 4 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 9 
0 0 0 
4 0 0 
4- Lr 4 
9 1 3 l+ 
30 6 4. lf 
1 3 7 7 4 
1 3  1 7  0 
9 9 0 
1 3  9 0 
Ll- 2 1  0 
9 4- 0 
2 1  0 
L+ 0 
1 3  0 
94 l+ 
1 7 0 
1 3  0 
l.j. 0 





2 1  9 
LJ-
9 1 
2 5 3 
I'e bruary 
Di ant o mu s  Cv c l o us 
4 2 
1 7  4 




2 1  9 
Ll- 30 
26 1 7 
9 1 3  
2 1  26 
34 38 
3L!- 6 L:-
3 0  3 0  
1 7  55 
3E3 1 1 9 
6 0 1 57 
38 1 28 
31+ 77 
90 1 Ll-5 
85 55 
60 98 




6 0 1 1 9 
5 1  1 Lt- 1 
77 1 
1 4·5 60 
5 1  1 7  
38 lj. 
o f  the Co pe po d and 
(;" Cyl inder , :Non -Aera t e d  :.J 
',·,·at e r  Station in Hc Carc;o Lake , 1 970 . 
Dat e e d  Non -Aerat e d  Open VJat e r  
Copep . Clad . Co pep . Clad . Cope p . Cl ad . 
J?eb . 20 0 1 . 00 . 04 . 96 . 50 . 50 
27 0 1 . 00 . 22 7 R • 0 . 26 - 74 
6 0 1 ·. oo . 57 . 43 . 54 . 46 
20 • 1 6  . 84 . 3 1 . 69  . 29 . 7 1  
25 • 1 9 . 79 . 40 . 60 . 38 . 62 
lt- ., 30 . 70 . 40 . 60 . 23 . 7 7  
2 1 . 32 . 6 8 . 3 1 . 69 . l+ 1 . 59 
. 3 1 • . 6 7 . Lt-0 . 60 
.. 1 2  • • 1 3 �� 87 . 22 - 78 
2 • Ol+ . 96 • 1 9  . 8 1 
1 2  • .. 6 7 . 3 1  . 69 2 0  •  . ?2 
1 8  • • • 1 0 ., 90 • 1 6  . 84 
24 • 1 1  . 05 • • 1 1  . 89 
2 . 6 1  • 1 L� • 1 9 . 8 1 
8 • 1 <t • L�6 • 5L:· 
1 4  • • • , LJ-5 - 55 
"' • 1 2  {)} . 52 . 1+8 
• �� L+7 • . 6 Lt . 36 
4 . 5 1  3
0 
Ill 0 . 62 
1 2  ., 6 1 • 7. 5  �> :J  . 65 
1 8  • 1 5 • Lr.LJ. . ?6 
• 1 5 27 • .:J  . 63 
.. .., . ?5 .. c: • 
B • 1 0  • · 79 
1 7 .. 1 Lt • 27 - 73 
. 3 1  • - ?3 
.. 1 0 • • 
• 1 . 39 . 6 1  
Cl' . 46 
.. 4 1 • • 6L1- . • 
• 6 8  
1 1 • • • 
1 • "' • 
<ill " • 1 9  
Tabl e 1 2 . Comput e r  Pro sram for Comput ing I nt ri ns i c  Rat e 
o f  Growth ( r ) .  
1 
5 








000 1 1 970 . 
) 1 5 , 1 0 , 1 5 
( 34 ) , TOTAL ( 34 ) ,  R (.33 ) 
"' 17 ) I ' r.,_ 
( L ) ,  1 , '-J ) 
A ( L ) 




( N ) 
( N ) ) ) /�1: ( N ) 
1 0 ) ) 
( ' 1 0 f) 1+/ ) )  
' I ) 
3 
3 
S P L C i f S  
2 
c i e r:: 6 J  :Ln t t e  .: �er,:.l_t e d  
( group 2 )  and Ope n �at er 
Fe bruary t hrough Nov e2nbe r ,  
O . l lt ? A  
o .  1 6 ') ()  
o . ,l l o 7  
- 0  • I :l '.t> 
- 0 . 0 1 '> 8 - t1 . lh ' > h  - --' · ·' •' " b  
0 .  l 7 l 2 - ,., • I 7 I .' � * * * * i• • � * "  
- 0 .  1.' : . .. , 
(' . 1 q l • )  
- C' .  l H l !i  
- ,1 . l l  A t; 7 
,1 . 2 ? t- (1 
t' . 1 4  .:' (', 
- L' .  O l  'J 2 
l 1 • () 1 !  3 
· · · · · · · · · · · · · · · · · · � · · � · · · · · · · · · · · · · , · · · · · � · · * · · · · · · · · � · · · · · ·  
o . ? B 9 1  - c . o : t o  - r . I a � &  
0 .  0 7 ;> 7 (1 .  l • )  4 l - r) .  l 3 · 1 1 
- 0 . 1 1 0 9  - 0 . l � A � * * • * * * � * * '  
- (\ .  0 / ·l 'l O . l 7 t37 
- o . o .� t\'� v . O :, H 4  
0 . 1 ' ' H 
l) . ,, ,, ., 3 
- 0 .  ,' t> 3 1  
0 . 2 0 7 9  
- O . O O J O  
0 . 0 6 1 7  
o .  0 3 ·· l 
- n .  O U .' .!  
- 0 . 0 1 4 7  
- .! .  J tt 2  7 
- 0 . ,1 4 2 1.o  
o .  J 4 0 tt  
o . t <:. 0 4  
- 0 . <..1 0 0 0  
- O . J 6 0 6  
* * * * * * * * * * * * * * * * V * ' * * * ' * * • • • • • • • • • • • • • • • * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * ' * * * * * * * • � • • •  
0 • 1 3 ') 5 0 • 0 ,; :l 7 - ,, • i B 9 5 - L' • !'; (� �· 0 0 • 2 1 ':l 4 - J • l '> l t'l - 0 • 0 7 3 5 0 • 2 2 _) 't - i) • 0 J 3 J 
0 . 1 7 '> 2  - 0 . 2 ">1 / - O . O t> 7 6 - 0 . l l 7 tl O • .  H 2 7  . - 0 . 2 o 0 6  0 . 0 5 2 5  - 0 . 0 0 ( ) - 0 . 0 0 0 0  
- 0 . 0 0 0 0  - 0 . 3 l � l  - 0 . 1 9 8 0  
- J . t " : ">  
- .) . ,) :• \ ,l 
- .l . � l.� � 
.J . "'' "' 't ""  
- ) • .! ;! 71. 
.1 • .:' '> '-t ">  
:) • 1 1  J J 
,, • � 7 l � 
* * * * * * * * * *  C . l 2 1 0  - 0 . ? 7 6 � * * * * � * * * � * * * * * * * * * * '  0 . 1 1 5 8 - O . O Q O l  O . O O � J 0 . 0 0 0 )  O . l b � S  
- O . U 7 Q Q  - O . O S ? 5 * * • * * * * * * * * * * * * * C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • * • *  





- 0 . 1 5 6 5 � • • • * ' * � · · � · ' * * * * * * *  
0 . 0 ) 9 3  
- 0 . 0 2 4 6  
0 . 0 5 4 4  
(' .  0 7 4  '• 
- O . l !> 'Hl  
- 0 . 1 2 13 6 
0 ,  C• S (i 5  
- Cl . l '/ 8 0  
* * * * * * * ¢ * � * · · · · · · · · * · � · · · · · · · ·  
- o . u 3 9 l  0 . 0 5 7 9  - o . a q 6 z  
-:- O . ()(j 'J 5  - 0 . 1 7 1 :> G .  � 7 5  
- 0 . 0 3 3 5 * * * * • • • · · · · · · · · · � � · ·  
o . l 7 3 o o . O B 4 6  - o . n o s o  
0 1  J 
0 0  
0 0 8 1  
0 6 3 8  
- 0 . 1 3 1 2  
0 . 1 0 ':> 9  
o .  0 2 '/ ft 
0 0 5 5  
3 !  l l  
0 . 0 5 2 2  
- 0 . 1 5 7 2 
c .  1 1 1  'i 
- 0 . 2 3 6 8  
O . O b 9 d  
- 0 . 0 0 0 0  
- 0 . 0 7 '1 3  
- :) .  l h ? J 
- C . O O J O  
- 0 . 0 0 ( 0 
C . O il l O  
0 . 2 1 4 1  
- 0 . 0 0 7 6  
-· 0 .  O C '.l O 
- c  .. c ,) r,. f� 
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